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Abstract 



Microprocessor-controlled prosthesis system intended to facilitate walking of subjects using an apparatus 
comprising an artificial knee joint. The apparatus is characterised in that, by virtue of electronic circuits the 
forces exerted by the prosthesis are measured and analysed by a microprocessor which then switches on a 
motor device intended for controlling the movement of the knee joint during walking. 



Data supplied from the esp@cenet database - 12 



http://12.espacenet.com/espacene^ 18/08/2003 



English translation of French patent application FR26233068 entitled: 
"Genou prothdtique command^ par un microprocesseur" 

MICROPROCESSOR-CONTROLLED KNEE PROSTHESIS 

Microprocessor-controlled prosthesis system intended to facilitate walking of subjects 
using an apparatus comprising an artificial knee joint. The apparatus is characterized in 
that, by virtue of electronic circuits, the forces exerted by the prosthesis are measured and 
analyzed by a microprocessor which then switches on a motor device intended for 
controlling the movement of the knee joint during walking. 

The invention relates to improvements made to prosthesis having a knee joint, which are 
meant to be used by amputees. Subjects having had hip disarticulation, a inter-ilio- 
abdominal amputation or a thigh amputation may benefit from this system. 

While walking, during the pendular phase, the knee joint is animated by a flexion- 
extension movement of an amplitude of approximately 70°. The muscular actions allow 
the adjustment of the duration of this angular clearance to the walking cadence. 

The absence of prosthetic knee controls forces amputees to adapt their walking cadence to 
the duration of the oscillation of their prosthesis or to accept a limp characterized by a 
prosthesis pendular phase which is abnormally long followed by a stance phase of 
proportionately reduced duration. 

The invention brings about improvements to the known system that allow to perfectly 
compensate for the absence of prosthetic knee controls. According to one of the 
characteristics of the invention, the knee joint is controlled by a microprocessor. 

According to another characteristic of the invention, the microprocessor receives the 
information in the form of electrical tension corresponding to the stress received by a 
captor located in the leg of the prosthesis. 

According to a further characteristic of the invention, the knee joint receives an energy 
allowing it to put itself into flexion or into extension. This energy being controlled by the 
microprocessor. 
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5 The various characteristics and advantages of the invention will emerge from the 
description of one of its possible embodiments which will follow. Its is clearly specified 
that it is only an example and that other configurations may be adopted without departing 
from the scope of the invention. 
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The appended figures illustrate the invention. 

FIG. 1 is a block diagram schematic representation of the apparatus configuration 
according to the invention, under a possible embodiment. 

FIG. 2 represents a variant of this device. 

The apparatus (figure 1) is supplied in electrical energy by a connection to an autonomous 
current source (1) (battery or accumulator). 

15 It comprises a force sensor (2) that may be a stress gauge or constituted of a ceramic 
piezoelectric, affixed to the prosthesis between the knee and ankle. This captor transforms 
into an electrical tension of low value the mechanical stress which is imposed to it. 

Theses tensions are applied at the input of the amplifier (3) which delivers signals which 
are sufficiently important as to be measured by an analog to digital converter (4) in order 
20 to be read and used by the microprocessor (5). 

The microprocessor contains in its memory a program allowing it to analyze the signals 
produced by the captor and to activate the necessary actions to control the movement of 
the knee joint (6) by way of an interface (7) which distributes the necessary energy to the 
knee block which containa an electromagnet or an electrical motor capable of braking or 
25 accelerating the flexion of the joint. 

The motor or electromagnet may act directly on the movement of the joint or via a 
hydraulic or pneumatic mechanical system (lever, cam, gear). 

An alternative apparatus may be achieved (figure 2) by substituting the electrical energy 
source necessary to the control of the joint by an under-pressure fluid (air, gas or oil) 
30 reserve (8), the electromagnet or electrical motor placed in the knee joint being replaced by 
a jack or a motor which is activated by the fluid (6), the microprocessor (5), its power 
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5 source (1), the forces captor (2), the amplifier (3), the analog to digital converter (4) and 
the control system (7) remaining unchanged. 

The under-pressure fluid reserve may be recharged using an external source or by a 
pumping system (2) placed in the prosthetic foot and actuated automatically by the flexion- 
extension movement carried out by the ankle joint during the stance phase. 

10 While walking, during the stance phase, which ever embodiment is chosen, the captor 
collects the mechanical efforts imposed on the prosthesis and the microprocessor may then 
measure the duration of the stance, compute the optimal value of the time allowed for the 
pendular phase and control accordingly the motor organ of the prosthetic knee and then 
carryout a blockage of the knee joint at the instant corresponding to the beginning of the 

15 stance phase. 

The system has the advantage of adapting itself to the walking speed of the subject as the 
reactions of the apparatus are determined by the characteristics of the stance phase. 
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CLAIMS 

1) Prosthesis intended for subjects having had an amputation of the thigh or a hip 
disarticulation, characterized in that the knee joint is controlled via a microprocessor. 

2) Apparatus according to claim (1), characterized in that it comprises a captor whose 
signals are analyzed by a microprocessor in order to detect the activity of the subject. 

Said captor consisting of a force captor which transforms the stress applied to the 
prosthesis into an electrical tension of low value, amplification means to amplify 
the tensions generated by the captor, means of measuring those tensions and means 
allowing them to be read by the microprocessor. 

3) Apparatus according to any of the preceding claims, characterized when the force 
captor consist of a stress gauge or a ceramic piezoelectric. 

4) Apparatus according to any of the preceding claims, characterized in that the power 
supplying means of the system are achieved with the use of a battery or of a battery 
accumulator. 

5) Apparatus according to any of the preceding claims, characterized in that the control of 
the knee is achieved using an electromagnet or an electrical motor. 

6) Apparatus according to any of the preceding claims, characterized in that the control of 
the knee is achieved using a jack or a motor which uses an under-pressure fluid as its 
source of energy. 

7) Apparatus according to any of the preceding claims, characterized in that the energy 
necessary for the control of the knee is stored in the form of a fluid or a gas contained 
in a reservoir that may be recharged by an apparatus external to the system or with the 
help of a device actuated by the prosthesis when the subject walks. 
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(/invention concerns des perfsctionnsmsnts apportes aux prothssss 
component une articulation da genou, destinees a* Vappareillege des 
emputes. Les sujst* ayent subi une deserticulation de henche, une 
amputation inter-iiio-abdominale ou une amputation de cuisse peuvent 
5 benef icier du systems. 

Pendant la marche, au coure de la phase penduleire, i'articulation 
du genou est enimee (fun mouvement de flexion-extension tfune 
amplitude de 70* environ. Les actions muscuiaires permettent d'ajuster 
la duree de ce debettement engulaire 6 la cadence de la marche. 

10 (.'absence de commands des genoux prothett ques oblige les amputee 6 
adapter leur cadence de marche 6 la duree d'oecillation ds leur prothsss 
ou d'occepter une boiterie caraetsrisee par une phase penduleire de la 
prothese anormalement longue suivle (Tune phase treppul (Tune duree 
rtduite dans la mime proportion. 

15 (.'invention epporte au systems connu des perfsctionnements qui 
permettent de compenser parfaitement 1'absence de commande des 
genoux prothstlques. Sulvant une des ceracterlstlquss de rinvention. 
{'articulation du genou est commendee par un microprocessor. 
Suivent une autre caracteristique de rinvention, le microprocesssur 

20 recott les informations sous forme de tension electrique correspondont 
aux contraintss recues par un capteur situs dans la Jambs ds la 
prothese. 

Sulvant encore une autre caracteristique de rinventlonjertlcuiation 
du genou recoit une energie lut permettent de se mettre en flexion ou en 
25 sxtsnslon. Cetts ensrgle itant contrOlss par Is mlcroprocssseur. 

Les dlfferentes ceractertstiquss st avantagss de llnvention 
re8sortiront ds la description qui va sulvre (Tune de see formes 
possibles de realisation. 11 est Plan precise qu'il s'agit unfquement tfun 
exempie et que touts autre disposition pourreit Strs adoptee sans sortfr 
30 du cadre de Vlnventlort 

Les dessins annexes illustrent rinvention. 

- La figure 1 est une representation schemetlque per blocs 
de la constitution de 1'appareJl sulvant Hnventton, sous une forme 
possible ds realisation. 

35 - La figure 2 represents une variants de ce dispositlf. 
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L'appereil (figure 1) est aliments en energle electrlque per 
brenchement sur une source eutonome de courant (!) (pus ou 
accumulates). 

II comporte un cepteur de forces (2) qut peut Itre i jauges de 
5 contraintes'ou constitue par une ceramlque plezoelectrique, fixe sur la 
prothese entre le genou et la chevirie. Ce capteur transforms en tension 
electrlque de falble valeur lee contraintes meceniques qui luf sont 
Imposees. 

Ces tensions sont eppliquees i l'entrte de rampltficeteur(3) qui 
to delivre des slgnoux sufflsamment importants pour Stre mesurts par un 
convertlsseur onalogique digital (4) afin d'fitre lus et exploltes par Ie 
microprocesseur (5). 

Le microprocesseur contlent en memoirs un programme Jul 
^ permettant d'analyser les signaux issus du capteur et de declencher les 
15 actions necessatres au contrtle du mouvement de rarticulation 
du genou (6) par 1'lntermediatre d'une Interface (7) qui distribue 
l'energie necesseire au bloc du genou component un electro-olmant 
ou un moteur electrlque capable de fretner et d'accelerer la flexion de 
rarticulation. 

20 Le moteur ou l'electro-almont peuvent egir directement sur le jeu de 
rarticulation ou par rintermedieire d'un sgsteme mecanique (levler, 
came, engrenege), hydraul (que ou pneumatf que. 

Une variante de l'appereil peut §tre realisee (figured) en 
substltuant la source- d'energie electrlque necesseire 6 la commando de 

25 rarticulation par une reserve d'un flulde sous presslon (air, gaz ou hutle) 
(6). relectro-elmant ou le moteur electrlque place dons rarticulation du 
genou etent remplace par un vertn ou up moteur actlome par le flulde 
(6), le microprocesseur (5), son alimentation (1), le capteur deforces 
(2), 1'emplif1cateur(3), le convertlsseur enologique digital (4) et le 

30 sgsteme de commando (7) etant inchanges. J 

La reserve de flulde sous presslon peut etre rechargee i l'alde d'une 
source exterieure ou bien per un sgsteme de pompe (2) piece done le pied 
prothetique et ectlonne automatlquement par le mouvement de flexion- 
extension effectue par rarticulation de la chevllie au cours de la phase 

35 d'appui. 
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Au cours de Jo morche, pendant la phase d'appui, quelquesoitle 
realisation choisie, le capteur recueille lee efforts meceniques 
imposes a la prothese et le mfcroprocesseur peut ainsf mesurer la 
duree de i'appui, calculer la valeur optimum du temps alloue i la phase 

5 pendutaire et commander en consequence Vorgene moteur du genou 
prothettque puis deffectuer un Dlocage de rarticulation du. genou a" 
1 "instant correspondent au debut de la phase tfappul. 

Le systems presente Vavantege de s'adopter a la Vitesse de la 
marche du sujet puf sque les reactions de l'appereil sont determfnees par 

10 les caracteristiques dels phase iTappui.. 
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RE VEND I CAT I ON S 



1) Prothese destines 6 1'eppareillage des sujets eyent subl una 
amputation da culssa ou una disarticulation da hanche, caracterisee an 
ca que 1'articulatlon du ganou est commandee par 1'lntermedtalre d'un 
microprocesseur. 

5 2) Apparall suivent la ravendicatlon (1) cereetertse en C8 qiTil 
comporte un capteur dont las signoux sont analyses par un 
mlcroprocasseur arm de deceler 1'activlte du sujet 

Le dlt capteur consists en un capteur da forces qui transforms les 
contralntes repuas per la prothese en una tension electrique de faible 
10 veleur, des moyens pour amplifier las tensions developpees par le 
capteur, des moyens de mesure de cas tensions at des moyens pour 
leur permettre d'Stre lues par le microprocesseur. 

3) Appareil suivant lune queiconque des ravendlcations 
precedentes, caracteriss lorsque le capteur de forces consists en un 

15 capteur a Jauges da contralntes ou une ceramlque plezo-electrlque. 

4) Appareil suivant 1'une queiconque des revendications 
precedentes, caracterise en ce que les moyens d'allmentatlon du 
systeme sont realises 6 rafde d'une pile ou d'une batterie 
d'accumulataur. 

20 5) Appareil suivant rune queiconque des revendications 
precedentes, caracteriss en ce que la commende du genou soit reallsee a 
1'aide d un electro-eimant ou d'un moteur electrique. 

6) Appareil suivant lune queiconque des revendications 
precedentes, caracterise en ce que le commands du genou soit realises o 

25 l'alda dun verin ou d'un moteur utllisant comme energle un fluids sous 
presslon. 

7) Appareil suivant rune queiconque des revendications 
precedentes, caracteriss en ca que l'energie necessalre a la commands 
du genou soit stockes sous forme d'un fluid© ou d'un gez contenu dans un 

30 reservoir pouvant fitre recharge perun appareil exterleur au systems ou 
a I'alde d'un dtsposltif actlonna par la prothese au cours de la marche du 
sujet. 



